X-ray studies on crystalline complexes involving amino acids and peptides. XXXI. Effect of chirality on ionization state, stoichiometry and aggregation in the complexes of oxalic acid with L- and DL-histidine.
Crystals of the oxalic acid complex of L-histidine (orthorhombic P2(1)2(1)2(1); a = 5.535(4), b = 6.809(4), c = 26.878(3) A; R = 3.6% for 1188 observed reflections) contain histidine molecules and semi-oxalate ions in the 1:1 ratio, while the ratio is 1:2 in the crystals of the DL-histidine complex (monoclinic P2(1)lc; a = 6.750(7), b = 10.139(2), c = 19.352(2) A, beta = 90.8 degrees; R = 3.7% for 3176 observed reflections). The histidine molecule in the latter has an unusual ionization state with positively charged amino and imidazole groups and a neutral carboxyl group. The molecule has the sterically least favourable allowed conformation with the side chain imidazole ring staggered between the alpha-amino and the alpha- carboxyl (carboxylate) groups, in both the structures. The unlike molecules aggregate into separate alternating layers in both of them. There are elements of similarity in the aggregation patterns in the semi-oxalate layers in the two complexes, but the patterns in the amino acid layers are entirely different. Interestingly, the crystal structure of L-histidine semi-oxalate has broad similarities with that of DL-histidine = glycolate, demonstrating how broad features of aggregation could be retained inspite of changes in chirality and composition. The unusual ionization state of the amino acid molecule in the DL-histidine complex is reflected in a hitherto unobserved aggregation pattern in its crystal structure.